Introduction
The lanthanide series consists of the fourteen elements following lanthanum in the periodic table and is formed by the successive addition of a 4f electron to the electronic configuration of lanthanum. Because the 4f shell is an inner shell, the chemistry of the lanthanide ions are in general very similar.
Although the chemical properties of the early actinide ions are quite different Key words: electronic structure, actinides, lanthanides, crystal field, optical spectra 1 from those of the later actinide ions and the lanthanide series, the actinide series, in analogy with the lanthanide series, is defined as the fourteen elements following actinium in the periodic table.
The 4f orbitals in the lanthanide series are inner orbitals and do not participate in chemical bonding. In the early actinides the Sf orbitals are more extended and very close in energy to the 6d orbitals. As the atomic number increases, the Sf orbitals become more localized and progressively lower in where Pnl(r) is the radial wavefunction with principal quantum number n, angular momentum quantum number l, and k=1. All quantities are in atomic units.
Ionic radii for the lanthanide and actinide ions [3] are also plotted in Figure 2 . Note the mean radii are consistently larger for the actinide series than for the lanthanides although the ionic radii for the two series are much closer to one another. This is because the ionic radii are determined not only by the f wavefunctions but also by the closed Ss2,Sp6 (6s2,6p6)shells. Plots of the relevant wavefunctions for Nd3+ and U3+ are shown in Figure 3 . Variable energy photoelectron studies [6] as well as ab initio calculations [7] show that the 6d e2g orbitals and the e?g orbitals of the rings make a substantial contribution to the bonding.
The purpose of this paper is to compare the electronic structures of the 4f and Sf compounds. To this end the optical and magnetic analyses of similar compounds will be compared. In most cases this will entail comparing trivalent actinide with trivalent lanthanide compounds except for the fl. configuration.
First of all the standard parametric theory used in the analysis of optical and magnetic data for fn 1 ions will be reviewed.
Parametric Theory [8, 9] The energy levels of an fn ion are obtained by simultaneous diagonalization of the free-ion (HFI) and crystal-field (Hcp) Hamiltonians: 
The pk (nf,nf) and ~f parameters above represent the radial part of the electrostatic interaction between two f electrons, and the spin-orbit interaction, respectively, while fk and a a are angular parts of these interactions. The The parameters that have a major effect on the calculated spectra are the Slater parameters pk(nf,nf), the spin-orbit coupling constant ~f, and the crystalfield parameters. Assignments of the observed energy levels are made and then compared with those calculated with assumed parameters from the above · Hamiltonian. New assignments are then made and the parameters adjusted by a least squares routine to obtain the best fit between experiment and calculation. For the f 1 case the Hamiltonian is considerably simplified as the only parameters in this case are the spin-orbit coupling constant and the crystal-field parameters. For the f2 case all three-body operators are zero.
The f1 ion in octahedral symmetry
The two systems, Ce3+ /Cs2NaYC16 and Pa4+-/Cs2ZrCl6, have been thoroughly studied [11] [12] [13] [14] . In both cases the 4fl or Sfl ion is surrounded by 6 Cl- Table 2 .
Note that for Ce3+ /Cs 2 Na YC~ the agreement is excellent, but for Pa4+ /Cs2ZrCl 6 the calculated g value is quite a bit off from the experimental value. This is a general result when actinide and lanthanide fits are compared, the crystal-field model (the combination of the free-ion Hamiltonian with onebody crystal-field operators) works rather well for the 4f series, but shows much greater deviations for Sf ions. Of course, Pa4+ is tetravalent and is subject to a considerably larger crystal-field than Ce3+. In addition the greater spatial extent of the Sf wavefunction could result in greater covalent bonding with the Clligands. As expected the spin-orbit coupling constant for the 6d configuration in Pa4+ is much larger than for the Sd configuration in Ce3+, although it appears that 10Dq (the crystal-field splitting of one d electron in an octahedral field, defined as the difference between the energies of the e 2 g and tzg orbitals in the absence of spin-orbit coupling) is larger for Ce3+ /CszNaYC4 than for Pa4+/Cs 2 ZrC16.
However this latter number is uncertain and the differences in 10Dq do not appear to be significantly different.
Comparison of An3+ and Ln3+ in La0 3
Carnall [15 1 has recently published a compendium of the data for An3+ /LaCl3 and his analysis of these data. He carried out a new energy level analysis for the entire series where data are available (from tJ3+ through Es3+). For the Th3+ free ion, the ground configuration is Sfl with the 6d1 configuration at -10,000 cm-1. In compounds however the 6d configuration is stabilized with respect to the Sf configuration, and in ep;Th it becomes the ground configuration [17] . For the Ce3+ free ion, the ground configuration is 4fl and the Sdl excited configuration is at-50,000 cm-1. In ep;ce the start of the Sd configuration is at-17,000 cm-1. Cm3+in various crystals compared with Gd3+ are shown in Table 6 . The reason for the rather large differences in the splittings of the ground term between Gd3+ and Cm3+ can be explained by the large spin-orbit coupling in Cm3+. Table 7 shows the free-ion wavefunctions for Gd3+ and Cm3+ Table 8 .
' Again we see that Nv is about twice as large. for Cm3+ as found for Gd3+.
Conclusion
The optical data available for fn ions of the same oxidation state have been All values are in cm-1 . Number of f electrons Number of f electrons Number of f electrons 
